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Three years ago, it was reported  1 that common connective tissue 
cells, or fibroblasts, could be kept alive in Carrel flasks without trans- 
ferring them for very long periods.  At that time, a single culture in 
its tenth passage had been retained in the same flask for 128  days. 
The nutrient materials were supplied periodically in the form of serum. 
Shortly thereafter, however, the culture, while apparently still alive, 
was lost by infection.  It seemed desirable to repeat the experiment in 
order to determine whether such a culture could be retained in a living 
state under these conditions for a longer period, and also to study the 
effect of such treatment on the behavior and fate of the constituent 
cells.  It is the purpose of this communication to report two series of 
such experiments.  In the second of these, various tissue fragments 
have been kept alive in single flasks for an entire year. 
The Cultivation  of Tissue Fragments from Skeletal  Muscle for 194 Days 
in Single Flasks 
In these experiments, fragments of skeletal muscle from a  16 day old chick 
embryo were cultivated in three separate flasks.  The tissues were embedded  in a 
coagulum comprised of adult fowl  plasma and Tyrode solution.  After a few days, 
the first culture received a mixture consisting of 30 per cent adult fowl serum in 
Tyrode solution, and the second, 50 per cent adult fowl serum in Tyrode solution. 
Three times a week  for the first 50 days, and twice  a week thereafter, these mixtures 
were aspirated and replaced with fresh material.  On each of these occasions, the 
third culture was treated for 2 hours at 37°C. with a mixture of 50 per cent adult 
fowl plasma in Tyrode solution.  The plasma was maintained in a fluid state over 
this period by the addition of heparin.  After 2 hours, the heparinized plasma 
mixture was removed and the culture left without fluid until the next treatment a 
1  Parker, R. C., J. Exp. Med., 1933, 58, 97. 
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few days later.  The types of handling outlined were continued in all three cases 
for 194 days, during which time the tissues were not removed from the flasks in 
which they had originally been placed. 
In the beginning, the cultures showed considerable cell multiplica- 
tion in the marginal areas.  As time went on, this became less and less 
marked.  By  the  15th  day,  the  cultures  had  already  shown  their 
greatest relative increase in  surface area.  Also,  the peripheral ceils 
became  more  and  more  distended  and  granular  until  finally  they 
seemed  quite  lifeless.  Eventually,  however,  new  cells  appeared 
among the dead remnants, but  after a  time these too  degenerated, 
only to be overrun later by an entirely fresh crop that came out from 
the interior as had those before them.  3 months after the cultures 
were made, the one treated with heparinized plasma showed a vigorous 
production of macrophages  ~ that soon covered the entire bottom sur- 
face of the flask. 
At the end of the 194 day period, the cultures were removed and cut 
into fragments that were transferred to fresh flasks, with new media 
consisting of plasma and Tyrode solution.  The plasma-Tyrode mix- 
ture was allowed to coagulate spontaneously, without the addition of 
any other substance.  After a lag period of from 24 to 72 hours, young, 
active cells of the so called fibroblast type began to migrate from each 
of the implanted fragments until finally a dense fringe of new growth 
had been established (Fig.  1).  This served to demonstrate that the 
inner portions of the original cultures had remained alive.  When the 
cultures had been carried for 6 days in this passage, they were again 
removed, this time for fixation, sectioning, and staining.  The stained 
sections showed the central areas of the various fragments to consist 
of a compact, fibrous matrix with an even distribution of well preserved 
nuclei (Figs.  2-6).  No distinct differences were found between the 
cultures that had been treated with 30 per cent serum and those treated 
with 50 per cent serum and 50 per cent heparinized plasma.  In sec- 
tions stained according to Masson's trichrome procedure,  ~ the central 
areas appeared brilliant green, whereas the peripheral fringe of young 
cells that had grown out from these areas was invariably red. 
2 Parker, R. C., J. Exp. ivied., 1932, 55, 713. 
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The Cultivation of Tissue Fragments from Breast  Muscle for One  Year 
in Single Flasks 
In these experiments, fragments of breast muscle from a 12 day old chick em- 
bryo were cultivated in single  flasks for a  year.  One group of fragments was 
carried in a fluid medium comprised of serum and Tyrode solution.  In this case, 
the only plasma employed consisted  of a minute capillary drop that was used to 
fix the tissue fragments to the bottom of the flask on the day the culture was made. 
Thereafter, the treatment consisted  solely of regular applications of fresh serum 
diluted with two parts of Tyrode solution.  This fluid was changed three times a 
week for the first 3 months, and twice a week for the remainder of the year. 
The other cultures belonging  to the series were prepared by embedding the 
tissue fragments in a  coagulum  consisting  of plasma and Tyrode solution.  On 
three different occasions throughout the year, this coagulum was reinforced by the 
addition of fresh plasma and Tyrode solution.  Otherwise, the nutrient materials 
were supplied regularly in the form of serum diluted with two parts of Tyrode 
solution.  At the time of treatment (i.e., two or three times a week, as indicated 
above), this fluid was aspirated, and the cultures were washed for a couple of hours 
with Tyrode solution and then supplied with a fresh serum mixture.  On each 
occasion, the serum mixture was allowed to remain on the cultures until the next 
treatment, when the process was repeated. 
In all cases, the cultures showed a greater relative increase in surface 
area during the first few days than at any subsequent period through- 
out the year.  Thus, to take an example, a group of three tissue frag- 
ments were embedded in a plasma coagulum and treated with frequent 
applications of fresh serum (Text-fig. 1).  There was a  rapid outward 
migration of cells up to the 7th day, but none whatsoever between the 
7th day and  the  10th.  Also, between the  171st day and  the 253rd 
day, there was  a  slight increase in surface area but no change there- 
after.  In other words, on the 365thday, whentheculturewasremoved 
from the flask,  the area of the colony was precisely what it had been 
3½ months before. 
As in the case of the earlier experiments, there were long periods in 
which certain peripheral areas consisted solely of dead cells.  Even- 
tually,  however,  these  necrotic  areas  became  inhabited  again  by 
young, healthy cells that migrated out from within.  The appearance 
of a  given marginal  area  of one of the cultures was recorded photo- 
graphically at  the  end of the  1st,  2nd,  and  3rd months  (Figs.  7-9). 
At the end of the  1st month  (Fig.  7), the structures comprising this 
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they retained something of their original cell form, they were actually 
nothing more than lifeless remnants of cells that had long since suc- 
cumbed.  When the next photograph was taken at the end of the 2nd 
month (Fig. 8), the appearance of the entire area was almost precisely 
what it had been before.  The same partially disintegrated structures 
were observed on the same points of the margin.  At the end of the 
3rd month, however, a phenomenal change had taken place (Fig. 9). 
New cells had grown out into the area from the interior of the culture. 
'I~xT-Fm. 1.  Culture 5989-2.  Diagrammatic representation of the increase in 
area of three fragments of breast muscle isolated from a 12 day old chick embryo, 
and cultivated in adult fowl serum for 1 year without being transferred.  These 
fragments were embedded in a plasma coagulum.  (Cf. Fig. 11.) 
But instead of displacing or destroying the fragmented remains of the 
earlier cell population, these new cells mingled with them and moved 
out  beyond  them,  thereby forming new marginal  areas  (Fig.  10). 
This process repeated itself at irregular intervals over long periods. 
Peripheral areas that had been dead and inactive for months would 
suddenly be filled with new life, as it were.  Sometimes, these regions 
of renewed activity would be extremely localized with the result that 
peninsula-like  contours  would  be  formed  (Text-fig.  1).  At  other 
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When  the  various  cultures had  been  treated  according to  these 
procedures for exactly 1 year they were removed from their respective 
flasks,  cut into  small  fragments, and  the fragments transferred to 
fresh flasks and new medium.  The medium consisted of a  semisolid 
coagulum  comprised  of  adult  fowl  plasma  and  Tyrode  solution. 
Again, as in the case of the cultures carried in  single flasks for 194 
days, active growth resulted (Fig. 11).  The lag period was somewhat 
longer than before and lasted from 2 to 4 days.  Eventually, however, 
the fragments were completely surrounded by new marginal cells of 
the  so  called  fibroblast  type.  Additional  nutrient  materials  were 
supplied by three subsequent applications of adult fowl serum diluted 
with Tyrode solution.  On the 10th day, the subcultures were fixed in 
Zenker-formol, after which sections were cut and stained according to 
"~- "--'-~  ..........  J ...... ~  (Fig  16;  20)  UJ.  cue trtt:urume pru~etture~  Masson  s  s. 12-  18- 
As already indicated, one of the original cultures had been carried 
for 1 year in a flask devoid of the usual plasma coagulum.  This par- 
ticular culture, in common with the others belonging to the series, re- 
ceived regular nourishment in the form of fresh serum.  By subcultur- 
ing the material at the end of the year (Fig. 17), it was discovered that 
the central portions of the tissue mass contained an even distribution 
of living ceils.  But the stained sections that were prepared from the 
subcultures disclosed even more.  The innermost regions of the tissue 
mass were found to contain a  considerable quantity of well formed 
connective tissue fibers (Fig.  18).  After treatment with the Masson 
stains,  these fibers appeared brilliant green.  Very often, they were 
arranged in wavy, parallel bundles.  In addition, the cultures con- 
tained a  dense accumulation of sharply defined muscle fibers  (Figs. 
i9 and 20), in many of which it was still possible to detect cross stria- 
tions  and  myofibrillae.  Unfortunately,  however,  it  has  not  been 
possible to reproduce these striations photographically. 
In other cultures belonging to the series, i.e.,  those embedded in a 
plasma coagulum, no muscle fibers were present; but the connective 
tissue was particularly well developed.  In the central areas of the 
original explants  (Fig.  12), the nuclei were usually larger and more 
numerous than at the periphery (Figs. 13 and 15).  In all cases, the 
matrix in  which they were embedded was  distinctly fibrous.  The 
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gin of certain areas, the nuclei were completely absent and the fibers 
were packed together in the form of dense, parallel bundles (Fig. 14). 
There were also certain intermediate zones in which the connective 
tissue fibers  were  shorter and  more irregular in  their arrangement 
(Figs. 13, 15, and 16).  In these areas, the nuclei were usually small, 
abnormal in appearance, and few in number. 
DISCUSSION 
In the present experiments, fragments of  breast  muscle from  an 
embryonic chick have been kept alive for a  year without disturbing 
them in any way except to change, periodically, the nutrient fluids that 
bathed them.  It is believed that this is the longest time that animal 
tissue cells, cultivated in vitro, have been maintained in a living state 
without being transferred.  The nutrient fluids consisted of adult fowl 
serum diluted with  Tyrode solution.  The  techniques that  proved 
effective are exceedingly simple.  They require the minimal quantity 
of materials and but one item in full measure, namely, a strict observ- 
ance of asepsis.  In fact, it is just this simplicity that has been largely 
responsible for the present report, since the basic procedures can be so 
modified as to be extremely useful in many different connections, and 
with little or none of the organization and complications required for 
the isolation and care of tissue cells in pure strains. 
As is usually the case where fixed tissues are involved, the effect of 
the serum was almost invariably injurious to the marginal cells.  Al- 
though the fluid medium was changed at frequent intervals, the great 
majority of the peripheral cells gradually degenerated and finally died. 
From time to time, however, and even in instances in which the cells 
of a given marginal area had been dead for several months, new cells 
would suddenly begin to migrate out from the interior.  Occasionally 
these cells would multiply to form a  broad band of new growth out 
beyond the dead margin,  and at other times, the area  of this new 
activity would be quite localized.  It was difficult, of course, to ac- 
count for these sudden spurts of activity.  It is probable that they 
may have corresponded to periods during which a particular sample of 
serum was being applied.  Such a  serum may have contained fewer 
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cause of these irregularities, the fact remains that the gross appearance 
of the tissue mass bore little or no relationship to the conditions exist- 
ing within.  For, although the majority of the cultures appeared dead 
and degenerate for months, the central regions of the tissue masses con- 
tinued to live for an entire year.  At the end of this period, the area of 
outgrowth from the various fragments was only slightly greater than 
that attained at the end of the 7th day.  It would seem, then, that an 
appropriate balance had been established between cell multiplication 
and cell death in which both had been reduced to a minimum. 
The present experiments have also demonstrated that fragments of 
breast muscle cultivated in serum remain alive regardless of whether 
they are embedded in  a  plasma coagulum or simply placed in the 
bottom of the flask and left exposed to the direct action of the serum. 
Tissues cultivated under both conditions were equally viable at the 
end of the year.  There was also, in each case, an abundant production 
of adult connective tissue.  At the end of the year, however, the frag- 
ments that  were cultivated in  a  fluid medium were further char- 
acterized  by  a  dense  accumulation of  muscle fibers.  These  were 
completely  absent from the tissues that had been embedded in plasma. 
But the plasma cultures showed an even greater abundance of con- 
nective tissue fibers.  At present, there is no way in which to account 
for these differences.  The most that can be said is that the fluid me- 
dium seemed to favor the retention of muscle elements, whereas the 
plasma medium favored the production of connective tissue.  LevP 
is of the opinion that de-differentiated myoblasts may produce col- 
lagenous connective  tissue fibers.  It is possible that this has taken place 
in the present experiments.  If such was the case, then the plasma 
cultures may have produced more connective tissue than  the fluid 
cultures because in  the former the de-differentiation of muscle was 
complete.  Be that as it may, the experiments have served to demon- 
strate one point conclusively, namely, that the presence of a plasma 
coagulum is  absolutely unnecessary to  the  continued survival and 
further development of tissues cultivated in serum. 
The fact that connective tissue fibers may develop in vitro has been 
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shown by many investigators.  But the exact manner in which the 
fibers arise is still obscure.  Baitsell  5 and yon MOllendorff,  s both of 
whom worked with plasma cultures, have set forth the theory that 
they arise  by  a  simple modification of  the  fibrin  contained in  the 
plasma  coagulum  of  the  medium.  Lewis, ~  Maximow, 8  Bloom,  9 
McKinney, 1° Huzella, n  Grossfeld,  TM  Momigliano-Levi,  TM  Olivo,  14  and 
Doljanski and Roulet,  TM on the other hand, hold this to be unnecessary. 
In  fact,  three  of these workers  (Lewis,  Grossfeld,  and  Olivo)  have 
demonstrated that collagenous fibers may be produced by cells culti- 
vated in a  fluid medium in the complete absence of preformed fibrin. 
This has been confirmed in the present experiments.  It is apparent, 
therefore, that the formation of collagenous fibers is a direct manifes- 
tation of cellular activity, and may take place in almost any type of 
medium that will keep the cells alive, and that coagulated plasma is 
certainly not required for the development of connective tissue fibers 
in vitro. 
SUMMARY  AND  CONCLUSIONS 
1.  Fragments of breast muscle from a  12 day old chick embryo have 
been kept alive in single flasks for an entire year without being trans- 
ferred.  The  nutrient  materials  were  supplied by  frequent  applica- 
tions of adult fowl serum diluted with Tyrode solution. 
2.  When  fragments  of  fixed  tissues  are  cultivated  in serum, cell 
multiplication and cell death are both reduced to an extremely low 
level. 
BaitseU, G. A., .7. Exp. Med., 1915, 21,455; Am. J. Physiol., 1917, 44, 109. 
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8 Maximow, A., Z. mikr.-anat. Forsch., 1929, 17, 625. 
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3.  The presence of a  plasma coagulum is not essential to the con- 
tinued survival and furtherdevelopment of tissues cultivated inserum. 
4.  The fibrinogen, prothrombin, and fibrin of coagulated plasma are 
not essential to  the  development of connective tissue  fibers in vitro. 
EXPLANATION  OF PLATES 
PLATE I0 
I~G. I. Culture 5984-2.  A  growth of new cells  spanning two fragments of 
tissue  excised from a  culture  of chick embryo skeletal muscle that had been em- 
bedded in a plasma coagulum and treated with 50 per cent adult fowl serum for 
194 days in a single flask before being transferred  to a new medium of like consti- 
tution,  x  I15. 
FIG. 2.  Culture $984-2.  A section through one of the original tissue fragments 
shown in Fig. 1.  Fixed in Caruoy solution after 6 days in the new medium, and 
stained according to Masson's trichrome procedure.  The sharply defined marginal 
fringe represents  the new ceils that have migrated out from the periphery of the 
original fragment over the 6 day period.  ×  230. 
Fro.  3.  Culture  5984-2.  Another marginal area from the  culture shown  in 
Fig. 2.  ×  620. 
FIG. 4.  Culture  5984-5.  A section  through the  center of a  tissue  fragment 
cultivated in 30 per cent serum for 194 days in a single flask.  ×  620. 
FIG.  5.  Culture  5984-5.  Another  area  from  the  culture  shown  in  Fig.  4. 
×  620. 
FIG. 6.  Culture  5986-2.  A section through the marginal  area of a tissue frag- 
ment cultivated in 50 per cent heparinized  plasma for 194 days in a single flask. 
X  230. 
PLATE 11 
FIG. 7.  Culture 5989-3.  A group of degenerating  ceils at the margin of a cul- 
ture of chick embryo breast muscle that had been embedded in a plasma coagulum 
and treated with adult fowl serum for 1 month without being transferred.  X 115. 
FIG. 8.  Culture 5989-3.  The area shown in Fig. 7 at the end of the 2nd month. 
×  115. 
FIG. 9.  Culture 5989-3.  The area shown in Figs. 7 and 8 at the end of the 3rd 
month.  ×  115. 
FIG. 10.  Culture 5989-3.  The area shown in Figs. 7, 8, and 9 at the end of the 
5th month.  ×  115. 
FIG. 11.  Culture 6494-2 (from Culture 5989-2).  A growth of new cells from a 
fragment of tissue excised from a culture  of chick embryo breast muscle that had 
been embedded  in a  plasma coagulUm and treated with adult fowl serum for 1 
year before being transferred  to a new medium.  X 21. 
FIG. 12.  Culture 6494-4.  A section  through the center of a  tissue  fragment 
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for  1 year in  a  single flask.  Fixed in Zenker-formol and  stained according to 
Masson's trichrome procedure.  ×  620. 
FIG.  13.  Culture  6494-4. 
X  62O. 
Fro. 14.  Culture 6494-4. 
13.  X  620. 
FIG. 15.  Culture  6494-5. 
series shown in Figs. 12-14. 
FIG. 16.  Culture 6494-4. 
X 620. 
PLATE 12 
Another area from  the  culture shown  in  Fig.  12. 
Another area from the culture shown in Figs. 12 and 
A  marginal area from a  culture belonging to  the 
×  620. 
A central area from the culture shown in Figs. 12-14. 
FIG. 17.  Culture 6490-1  (from Culture 5990).  A growth of new cells spanning 
two fragments of tissue excised from a culture of chick embryo breast muscle that 
had been grown in a fluid medium consisting of adult fowl serum for 1 year before 
being transferred.  ×  115. 
FIG. 18.  Culture 6490-1.  A  section through the center of one of the original 
tissue fragments shown in Fig. 17.  ×  620. 
FIG. 19.  Culture 6490-1.  A  section through  the center of another fragment 
derived from the culture shown in Figs. 17 and 18.  ×  465. 
FIG. 20.  Culture 6490-1.  Another section through the center of the fragment 
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